Molecular motors convert chemical or electrical energy into mechanical displace-1 ment, either linear or rotary. Under ideal circumstances, single-molecule measurements 2 can spatially and temporally resolve individual steps of the motor, revealing important 3
information from previously published experimental data of three molecular motors. 48 2 Theoretical analysis of single motor trajectories 49 In order to extract additional information from the stochastic fluctuations of a reporter particle, 50 we need to model the effects of the underlying mechanochemical cycle on its motion. In a classical 51 approach to macromolecular dynamics [15] , which shares several aspects with the treatment of 52 shot noise in physical systems [21, 22] , the displacement x b (t) of the observable reporter object, 53 often a microscopic bead, tethered to the molecular motor is modeled by 54 x b (t) = aN (t) + η(t).
(1)
where the random force ξ(t) satisfies [23] ξ(t) = 0,
and δ is the Dirac-delta function. 63 2.1 Time-domain analysis of reporter-particle position fluctuations 64 In the case that the motor is a Poisson stepper, and the reporter particle instantaneously responds 65 to motor displacements (i.e. when Equation (1) holds), both the average and variance of the 66 reporter-particle displacement increases linearly with time in the steady state [15] 67
The utility of this approach comes from the fact that Eq (4) can be used to estimate the step size 68 a and construct stiffness k l by analyzing the average and variance of the experimentally accessible 69 reporter-particle displacements. More precisely, Eq (4) shows that
More generally, if the step size is known, the randomness parameter 71 r = ∂var(∆x b (t)) ∂t av t>0 (6) has been introduced [15] to quantify how much the process deviates from Poisson statistics 72 (r = 1). In the simple case where only every m:th chemical step gives rise to translocation, it 73 can be shown that r = 1/m, and if we know the step size we can estimate how many effective 74 chemical steps there is in one translocation cycle [15] .
75
As we aim to also capture the relaxation dynamics of the system, we extend the above analysis 76 by considering the variance and average displacement of a reporter particle that moves according 77 to Eq. (2) . Assuming that the molecular motor is a Poisson stepper, wherein each mechanical 78 step of the motor is a consequence of a single rate-limiting biochemical process we find that the 79 variance of the bead position can be expressed as (see derivation in the SI)
It is worth noting that this expression of the variance expands the classical result described above 81 by Eq (4), including the filtering effect of the elastic linkage, which imposes a characteristic 82 relaxation time t c = γ/k l . In the limit of t c → 0, Eq (4) is retrieved from Eq (7) . Therefore, 83 by measuring the bead position x b (t), its variance var(x b (t)) can be calculated and fit with 84 Eq (7) to obtain the relaxation time (or equivalently the drag), as well as the step size a and the 85 construct stiffness k l . Fig S1F- I demonstrate the behavior of Eq (7) as a function of motor step 86 size, motor speed, stiffness of the linker, and bead size. It is interesting to note that if the average 87 energy dissipated by moving the bead a distance equal to the motor step (avγ) is not negligible 88 compared to twice the thermal energy (2k B T ), then we will underestimate the construct stiffness 89 if we assume the dynamics to be governed by Eq. (1). S
where t c = γ/k l is the characteristic relaxation time of the construct. The two components S vm 107 and S ξ are the PSD of the speed of the motor v m , and the PSD of the thermal forces ξ acting 108 on the bead, respectively. By direct analogy to shot noise in electronic circuits (see SI), the PSD 109 of the motor's velocity can be written as
in the steady state. We note here that S vm is independent of frequency. The PSD of the thermal 111 forces acting on the bead can be computed by applying the Wiener-Khinchin theorem [24] to 112 Eqs (3), giving
Note that the above term is independent of frequency as well, i.e. the thermal forces acting on the bead produce white noise. Finally, combining Eqs (8), (9) , and (10), the explicit analytical expression for the PSD of the speed of a bead v b elastically tethered to a Poissonian stepping motor can be written as
This result can be generalized to the situation where only every m:th chemical step gives rise to 118 translocation of the motor. Letting τ be the average time between translocation events, we find 119 that the PSD of the motor speed, gains an extra factor α (derived in the SI), S vm = avα(f ),
Therefore in this more general case, the overall PSD of the speed of the bead becomes
We note that in the case of a pure Poisson stepper (m = 1), α = 1 and Eq (13) under what circumstances these methods are applicable. In the following, we challenge the 164 analysis methods developed above to extract the mechanical features of three molecular motors, 165 whose parameters have been already independently assessed. the microtubule [25, 26] . Kinesin-1 is a model system for the study of molecular motors and 171 development of single-molecule techniques [15, 27] . 
